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EXPANSION EFFECTS AS A CAUSE OF DETERIORATION 
IN SUSPENSION TYPE INSULATORS 

B Y J . A . B R U N D I G E 

ABSTRACT OF PAPER 
In seeking causes for the rapid deterioration which has been 

encountered in suspension type insulators, two leading hypo
theses, viz., porosity and mechanical cracking through expansion 
effects, have been advanced by different groups of investigators. 
These are briefly outlined in the paper, after which the author 
presents data in support of the latter. Some of the operating 
problems attendant upon insulator deterioration are also dis
cussed. 

I N T R O D U C T I O N 

THE CONTINUED and seriously high rate of deterioration 
occurring in all parts of the country in high-voltage sus

pension insulators of the cap and stud type, has caused investi
gators in their efforts towards the design of a durable insulator, 
to make a more careful study of the problem than heretofore, 
for the purpose of trying to fix the underlying causes of failure. 
Had the problem been a simple one, it would doubtless have been 
solved before now, and in view of the number of factors involved, 
especially from the manufacturing standpoint, it is not only nat
ural, but in fact a favorable sign of active and thorough investi
gation, that somewhat different views may at first be held as 
to the predominating causes of insulator deterioration by those 
engaged in making such studies. 

As a result a number of engineers, together with a majority 
of those concerned in insulator manufacture, while recognizing 
that porosity undoubtedly has been responsible for a consider
able percentage of failures, hold that mechanical cracking of the 
porcelain, brought about by expansion effects (possibly assisted 
by heavy cable loads) is the principal cause for the trouble 
experienced. This hypothesis is equivalent to saying that unless 
the more recent designs and methods of assembling have suffi
ciently reduced the mechanical stresses set up inside the cap, 
troubles with this type of insulator may be expected to continue, 
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regardless of the degree of perfection and freedom from porosity 
attained in the manufacture of the porcelain shells. 

On the other hand, there are prominent investigators who 
have quite definitely taken the stand that practically all insulator 
deterioration is ultimately attributable to porosity, which either 
makes the porcelain weak electrically after moisture has been 
absorbed, or causes cracking through the capillary absorption 
and crystallization of salts taken up from the adjacent cement 
used in assembling, or causes a combination of both. The 
porosity hypothesis is in part based upon the results of experi
ments made with apparatus designed to measure extremely high 
resistances. With such apparatus, it has been shown that all 
porcelain is more or less conducting and that quite wide resist
ance differences exist between various specimens. A consider
able variation in the resistance of certain specimens when sub
jected to treatment for the purpose of altering their moisture 
content has been also noted. These results, which are not sur
prising when considered in the light of the extreme sensitiveness 
of the instruments used and of the well known difficulty of pro
ducing well vitrified porcelain, have led some of these investiga
tors to believe that all porcelain is inherently porous to such an 
extent as to make it unsuitable for manufacturing satisfactorily 
durable insulators. 

The engineers of the company with which the author is asso
ciated in investigating the problem from an operating standpoint 
so far as somewhat limited facilities have permitted, and while 
having no desire to minimize the importance of porosity effects, 
have arrived at the belief that expansion effects are causing the 
major part of insulator deterioration, and the following notes 
and comments are given in support of this view. It is appre
ciated that many of the facts mentioned have only circum
stantial value, but when considered together it will be evident 
that this belief is not without foundation. 

G E N E R A L 

Statement of Conditions Inside of Cap. Before referring to 
observed results, it is instructive to review the conditions existing 
inside the cemented metal cap of a suspension insulator. 

It is well known that Portland cement after setting does not 
attain its ultimate hardness for a considerable period—usually 
months—but when this state is finally reached, it will withstand 
and transmit fairly large compressive stresses. Under these 
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conditions, the porcelain inside an insulator cap is directly 
subjected to varying forces which it is poorly adapted to with
stand. The temperature expansion coefficient of porcelain 
being only approximately one-half that of steel, it is perceivable 
that from this source alone stresses amply sufficient to cause 
damage must occur as the result of seasonal temperature changes. 
Expansion in the steel stud on hot days is doubtless responsible 
for much of the trouble. 

But another and even more serious form of expansion takes 
place inside insulator caps where Portland cement has been used 
for assembling, the existence of which has not been generally 
recognized. This is the expansion and contraction of the cement 
itself that the influence of varying moisture conditions. Mr. 
A. H. White* in a series of experiments extending for a period of 
nearly five years, on both old and new samples of concrete and 
cement obtained from various sources,has shown that from a dry 
to a completely moistened state, neat cement briquettes will 
expand as much as 0.15 per cent, which is equivalent to a tem
perature expansion change in cement of nearly 270 deg. fahr. 
(150 deg. cent.). In addition, it was shown that the effect was 
gradually progressive, the samples exhibiting a slight increase 
in length with each cyclic change. Other investigators have also 
noted this behavior of Portland cement, the generally accepted 
explanation of which is that it exhibits reversible collodial char
acteristics to a limited extent, analogous to the softening and 
swelling up of glue in the presence of water. The progressive 
expansion taking place with the cyclic changes is attributed to 
the incomplete hydration of some of the particles of cement, 
which are initially sealed up and protected, but as the expansion 
and contraction goes on, more of these are exposed to moisture 
so that additional setting takes place, accompanied by a certain 
amount of permanent expansion. This expansion was clearly 
indicated in the experiments mentioned by the numerous hair 
cracks which generally developed throughout the mass of the 
sample briquettes. 

It is believed by the author that the much greater deteriora
tion which has been experienced with insulators hanging in the 
tension or horizontal position as compared with that occurring 
in those suspended vertically, may be accounted for by the fact 
that the cement in the former is much more directly exposed to 
the elements, thus affording greater opportunity for the taking 

•Proceedings Am. Society for Testing Materials, Vol. X I V , Part II , 
1914, p. 204. 
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up of water and the reverse, whereas the cement in units in the 
upright position is not subjected to such marked extremes; also 
because of the greater relative exposure of the horizontally 
placed units to the hot sun, resulting in their undergoing more 
abrupt temperature changes. The sgreat difference in the rate 
of deterioration observed in the two positions cannot be wholly 
accounted for by the fact that the tension insulators usually sup
port heavier mechanical loads. While it is believed that exces
sive loads accelerate deterioration, several instances have been 
encountered where tension insulators carrying loads less than 
those on adjacent suspension insulators have shown percentage 
failures from 2 to 3 times as great and equalling the failures ob
served in tension insulators generally elsewhere on the same sys
tems. 

D A T A A N D O B S E R V A T I O N S 

The following notes relate to data from megger and oscillator 
tests made during the last three years on transmission systems 
located in widely separated parts of the country embracing an 
aggregate of over six hundred thousand suspension insulator 
units. It may be added that in drawing conclusions from the 
megger tests, care has been taken to select only readings made 
under favorable conditions and by testers experienced in handling 
the instrument, who were cognizant of its limitations and of the 
precautions to be observed in its use. 

Electrical Stresses Not a Necessary Factor in Deterioration. 
Owing to the greater electrical stresses to which the end units of 
insulator strings are theoretically subjected, it might be expected 
that these would fail in comparatively greater numbers if such 
electrical stresses were a material factor. With one exception, 
the data on which have not been fully confirmed, no evidence has 
come to the notice of the author that the end units do fail at a 
greater rate. The following record from oscillator tests made on 
strain insulators units from a 60-kv. line in 1916 may be taken as 
typical. Potential was applied at 100 kv. for 5 seconds: 

Unit No. 

Location of defective units in string 
(No. 1 unit next to conductor) 

Total defective Unit No. 
Wire A Wire B Wire C 

Total defective 

1 40 35 . 34 109 

2 40 33 39 112 
3 37 37 39 113 
4 42 42 30 114 

5 40 38 30 108 5 
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Another phenomenon of much more conclusive nature showing 
that deterioration takes place independently of electrical stresses 
is the loss often observed in insulators where they have been left 
for some time in the original crates. In one instance reported 
from the Pacific coast, it was found that the percentage deteriora
tion in a lot of several hundred units left over from line construc
tion amounted to practically the same as that occurring in the 
ones in service. The crates containing the excess insulators were 
of the usual open type and had been stored in a yard for a period 
of approximately four years. Tests were madevby means of the 
megger and the loss totaled nearly 5 per cent. 

Insulator Failures are Not Proportional to Degree of Firing in 
Kiln. Referring to a lot of 877 units subjected to oscillator tests 
in 1915, and which represented the entire commercial range of 
firing, it was found that failures did not occur any more fre
quently in underfired shells than among the others. In fact, the 
overtired shells were the ones which showed a tendency to fail in 
excess of the average. This would indicate that the failures 
observed were influenced more by mechanical strength of the 
porcelain than by the degree of porosity. The degree of firing 
was only roughly estimated by classification of the glaze colors, 
but the results shown in the following table taken in conjunction 
with like data from other sources are believed to be sufficiently 
definite to justify the above conclusion. 

Total number Bad Per cent bad 

Black Green 176 37 21.0 
Green black 30 7 23.4 
Greenish brown 12 4 33.3 
Black 191 48 25.1 
Dark brown (normal) 210 40 19.1 
Brown 231 35 15.2 
Light brown 27 6 22.2 

877 177 20.2per cent 

In the above, dark brown is considered to represent normal 
firing, the brown and light brown underfired, while the black, 
greenish brown, green black and black green were overtired, the 
last exhibiting blebs. 

A more striking instance is the failure on a certain system 
of a large number of foreign insulators, the porcelain- of which 
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was exceptionally well fired and uniform in character. Although 
excellent service was afforded for the first three years, trouble 
afterwards became very serious and it is reported that practically 
all of these insulators have now been removed from the lines, 
after approximately six years operation. In this case, it has been 
fairly well established that the deterioration was due to cracking 
which was accentuated by a very unfavorable design of the head, 
including long embedded studs. Other insulators of American 
manufacture of a similar design have likewise failed on the same 
system in quite large numbers. It is interesting to note that the 
insulators of this design were prone to develop operating troubles 
on particularly hot days. 

Rate of Deterioration. In testing with the megger it has been 
found that the great majority of the units read zero or nearly so 
when first discovered. The few units which did not read zero 
at first have, so far as observed, since changed in resistance but 
slightly and such of them as the author has examined show un
mistakable evidences of porosity. 

The rapidity with which deterioration takes place in insulator 
units is in many cases quite remarkable. On a certain high-volt
age line, it is reported that insulators sometimes fall in resistance 
from infinity reading on a 2000-megohm megger to apparent 
zero during the course of a few days. An example is cited of an 
anchor tower carrying 120 units which had been gone over with 
the megger for removal of defective insulators. Four days later, 
the testing crew took occasion as a matter of interest, to remegger 
the insulators on the tower and were quite surprised to find that 
five more units had failed in the meantime. It is not stated 
whether any rains had occurred during the interval, but the 
weather had been quite hot. 

That insulators suddenly fall in resistance from infinity read
ing on a megger to practically zero is believed to be indicative 
of cracks rather than of porosity. The absorption of moisture 
in a piece of porous ware is known to be slow process and there 
are no grounds for suspecting that at a certain critical point of 
saturation the resistance drops so quickly as has been found. 

Porosity in Small Amounts not Believed to be Excessively Harm
ful. The theory which has been advanced that conducting 
areas are formed by moisture within the body is undoubtedly 
valid for those cases where the porosity is marked, but the 
author believes that the performance of the numerous pin-type 
insulators which have been in use for comparatively long periods 
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and also of the Hewlett type units, some of which have been 
giving good service for approximately 10 years, shows quite 
conclusively that reasonably small amounts of porosity are not 
necessarily injurious. All of these older insulators are unques
tionably of greater porosity than many of the suspension type 
manufactured comparatively recently and which have failed to a 
serious extent. It is true that pin-type insulators with cemented 
shells have failed in large numbers after considerable periods in 
service, but the cause can usually be traced to cracking from 
purely mechanical sources. An illustration is found on a 60-kv. 
southern line where the insulators, which were of the 4-part 
pin-type, operated perfectly for ten years, after which over 25 
per cent failed during one summer. Without exception these 
insulators were found to have cracks in the upper shell generally 
following the side tie wire groove and sometimes extending 
radially out to the edge of the petticoat. 

It has been determined by Prof. Creighton that where a 
porous insulator has become saturated with moisture, it is 
easily punctured by application of potential at ordinary fre
quencies. This fact led to the suggestion by others that insu
lators only slightly porous, after having been in service for 
several years so as to absorb moisture, might be discovered and 
weeded out before reaching a dangerous condition by subjecting 
them to a 60-cycle test at near flash-over voltage in order to 
line up the particles of moisture to form a conducting path, 
similarly to the lining up of particles of foreign matter between 
the electrodes in an oil testing set. Experiments were under
taken by a transmission company to apply this hypothesis, but 
the results obtained were negative in character so far as con
cerned substantiating /the presence of porous ware. Such 
breakdowns as did occur could nearly always be traced to manu
facturing defects in the porcelain. 

Indications of Cracking. While the author has not had op
portunity for the careful examination of any large number of 
faulty insulator units by the removal of the metal caps, such 
work has been done has afforded fairly consistent results. In 
order to remove the caps without disturbing the porcelain, a 
helical cut of suitable pitch is taken with a hack saw, beginning 
at the lower edge, which enables the metal at the side of the cap 
to be removed in the form of a strip, thus freeing the upper 
portion. 

With the caps taken off it is still by no means an easy matter 
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to locate the existing cracks unless they have become opened up 
somewhat or are discolored through age. It has been found, 
however, that in some instances the cracks may be identified by 
carefully examining the surface of the cement which has been in 
contact with the porcelain. The cement may show a fine crack 
corresponding to the crack in the porcelain, or only darkened 
lines which for lack of a better term have been called "weathering 
lines". Such lines, marked by arrows, are shown in Fig. 1. In 
this view, the metal stud has been tilted slightly away from the 
camera to separate the weathering line from the edge of the 
porcelain, thus bringing it into better view. The line on the 
cement in the cap section has been produced from the same 
crack, as will be seen by comparing the two. 

While the cause for the weathering lines is not definitely 
known, it is probable that they are the result of ozone liberated 
by slight electrical discharges through the crack while the unit 
was in service. Such discharges undoubtedly occur and their 
presence is borne out by a slight alteration often observed in the 
appearance of the surface of the fracture in the porcelain which 
becomes glossed and faintly iridescent when held to the light 
at the proper angle. This faint play of colors is not found on 
surfaces of pieces broken after removal from service. 

O P E R A T I N G P R O B L E M S 

Deterioration in insulators is proceeding at such a rate that it 
is debatable whether all suspension insulators of the cap and 
stud type now in service will not have to be replaced within a 
comparatively few years. Obviously this constitutes a very 
serious situation for the operating engineer and it is imperative 
that insulators approaching the end of 'their usefulness be de
tected and removed from the line before conditions develop 
threatening the continuity of service. 

The question arises as to whether anything will be gained by 
subjecting all insulators in service to a periodic test at high 
voltage for weeding out those pieces undergoing incipient deter
ioration. It is apparent that if a test could be devrsed which 
would insure safe operation for a period of three or more years 
without the necessity for attention to the insulators in the 
meantime, much of the cost of insulator patrol and maintenance 
of the lines would be obviated. It is believed that a high-voltage 
test might prove useful should it be established that porosity is 
a serious factor. On the other hand, it is not likely that much 
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benefit would be derived from the testing of units in this way 
which are liable to deteriorate through cracking. It is known 
that each application of high potential will indefinitely continue 
to break down additional units and many of these would doubt
less be of service for a considerable time before necessity arose 
in the ordinary course of events for their replacement. More
over, failure by cracking proceeds at such a rapid rate that many 
of the insulators might make a good showing on test and fail 
very soon afterwards. 

C O N C L U S I O N 

Summarized briefly, the reasons for believing that expansion 
effects are the principal cause for deterioration in suspension-
type insulators are as follows: 

1. The conditions existing inside the metal caps are sufficient 
to explain, through temperature expansion alone, much of the 
trouble experienced. Expansion occurring in the cement because 
of moisture absorption is of an even more serious nature. 

2. No evidence of importance is at hand showing that elec
trical stresses have caused the trouble under discussion. 

3. Except for bad cases of underfiring which are generally 
easily detected, losses of insulators in service do not bear any 
apparent relation to the degree of firing. 

4. So far as observed, deterioration takes place quickly, such 
as would be expected during the formation of cracks. On the 
other hand, slightly porous ware absorbs moisture only very 
slowly, and were porosity the predominating cause for failure, 
large numbers of units would undoubtedly have been discovered 
in the intermediate resistance stages. 

5. Cracks of more or less long standing have been identified 
in a majority of cases where it has been possible to carry on post 
mortem examinations on defective insulator units. 

6. The relatively good showing riiade over long periods by 
pin-type insulators having cemented parts and by Hewlett units, 
none of which represent as high development of the porcelain 
manufacturer's art as some of the later suspension insulators, 
would indicate that porosity is not the factor of most immediate 
concern. 

It is to be borne in mind, however, that after losses from ex
pansion effects have been more or less completely eliminated, por
osity in porcelain may remain as a problem of considerable im
portance and that the work done in this direction by investigators 
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will become increasingly valuable, unless perhaps a better ma
terial for insulators will then be available. Progress in over
coming expansion will doubtless include, as one of the steps, 
the elimination of Portland cement from the designs and this 
incidentally will be of aid in simplifying the problems arising 
from porosity. 


